In this paper, the effect of polarity on the volume conductivity of Kapton and polyethylene (PE), determined using the corona triode method, when the sample current depends linearly on grid potential, was studied. For the determination of volume conductivity, in addition to the analytical method, for the first time, a graphical method is presented as well. According to the experimental results, obtained by both methods, the volume conductivity values of negative corona charged samples were higher than those of the samples charged by positive corona. Considering the different nature of positive and negative coronas, these differences in results are to be expected and are in full accordance with the theoretical considerations as well. On the other hand, the good agreement between the analytical method results and those obtained by the graphical method, indicates high accuracy of the proposed analytical formula. Meanwhile, the satisfying accordance of experimental results with those found by the classical "static" and "dynamic" methods, confirms the accuracy of the corona method, for the determination of volume conductivity of polymers.
Theoretical Considerations Positive and Negative Corona Discharge
The corona discharge is described in details in [9] . Meanwhile, the generation mechanisms of positive and negative corona discharges (Figure 1 (a) and Figure  1 (b)), are somewhat different [10] [11] .
A common feature of both positive and negative corona is the electron avalanche produced in a gas ionization process, due to collisions between electrons and neutral molecules, when the electric field exceeds a critical value. During this process, unipolar ions of the same polarity as the corona electrode are also produced. While in the case of the positive corona, electrons move towards corona electrode and unipolar ions are propelled towards the sample surface, the opposite happens in the case of negative polarity [9] [12] .
In the case of a positive corona discharge in air, under atmospheric pressure conditions, the ions accumulated on the sample surface are mostly ( )
H H O n , whereas in negative corona discharge, 3 
CO
− ions are generated [9] [13].
Experimental Method

Experimental Setup
The corona charging of the samples was carried out using the corona triode system (Figure 2 (a) and Figure 2 (c)), which consists of a corona electrode, a grounded electrode and a metallic grid inserted between them for controlling the level of surface potential as well as for improving the charges uniformity on the charged surface [9] [14] [15] . The corona electrode, energized from a DC high-voltage supply (FUG HCN 14-12500), at ±10 kV, was positioned at 70 mm over the grid. Meanwhile, the grid connected at different DC potentials (Model 240 A, Keithley Instruments) of the same polarity as that of the corona electrode, was situated at 10 mm over the grounded electrode. The sample charging current was measured using a digital picoampere meter (Model 445, Keithley Instruments). The samples were charged for 30 s and immediately after the charging operation, the surface potential was measured using an electrostatic voltmeter (Model 244, equipped with a probe model 1017), without any physical contact (Figure 2 [19] . PE is the most widely used thermoplastic polymer [18] because it posseses a unique combination of properties like light weight, high chemical and abrasion resistance, low moisture permeability, that makes it ideal for a variety of applications [21] .
Materials Tested
One face of the sample was coated by an aluminum foil, to provide a good electrical contact with the grounded electrode on which were laid. For each measurement, new samples cleaned with isopropanol were used.
Experimental Results
The volume conductivity of Kapton and PE is determined by the corona triode method, described in details in [7] . The dependencies of the current flowing through the sample ( ) I t , and its surface potential ( ) 0, V t , from the grid potential g V , for both polarities, were experimentally revealed. The corresponding graphs, fitted with linear functions of the following types:
and 
Determination of Volume Conductivity
Graphical Determination of Volume Conductivity
The sample was charged by the above described corona triode. According to the theory developed by [7] , the relationship between the current intensity ( ) I t at a moment of time t, and the surface potential ( ) 0, V t , caused by that part of charges that arrives at the surface of the sample and get trapped, is:
where, γ and a are volume conductivity and the length side of the square sample, respectively. Meanwhile, the other notations are the same as defined before.
In view of the fittings of the experimental results from Equation (1) and Equation (2), the differential Equation (3) can be written in the following form:
where,
and
The solution of the differential Equation (4), with the assumption that:
which is in full accordance with the experimental facts, is given by:
In Equation (9), 2 C is the unknown quantity. Denoting:
then, Equation (9) can be written as:
Solving graphicaly the Equation (12) allows us to determine x. Meanwhile, considering Equation (5) and Equation (10), the volume conductivity g γ , the object of our study, can be determined by the graphical method:
In view of Equation (8), Equation (10) and Equation (11) , it derives that 3 0 nx C − > and 3 0 C x − > . Thus:
The Equation (13) and the Equation (14), show that volume conductivity lies within the interval:
Thus, the volume conductivity, can be graphically determined by formula (13) and the theoretical interval within which it is likely to be, conditioned by the extremum values of x, is given by Equation (15).
Analytical Determination of Volume Conductivity
In accordance with [7] , the volume conductivity, analytically can be determined by the formula:
accepting only those experimental facts that satisfy the Equation (17) and Equa- 
where:
and ( )
While, the theoretical interval of the volume conductivity determined by analytical method, that is conditioned by the extremum values of n, is given in the following form [7] :
and Table 1 and Table 2 represent the experimental constants obtained from curves fitting (Figure 3 and Figure 4 ) for both polarities, for Kapton and PE, respectively. The experimental constants result to be in full accordance with Equation (17) and Equation (18) . Table 1 . The values of experimental constants obtained from curves fitting for Kapton, for both polarities.
Calculation Results and Analysis
Experimental Constants
Corona polarity Experimental Constants Table 2 . The values of experimental constants obtained from curves fitting for PE, for both polarities.
Corona polarity Experimental Constants ( ) Table 3 represents the acceptable solution x, of Equation (12), for every grid potential value, for Kapton and PE and for both corona polarities.
Graphical Solutions
Calculation of Volume Conductivity
Graphical Calculation
In the case of Kapton, the 99% confidence intervals, for volume resistivity determined by the graphical method, ( ) 
Discussion
The interval for volume conductivity, estimated by the graphical method, lies within the theoretical interval, given by Equation (15), for both Kapton and PE.
Meanwhile, the interval for volume conductivity, determined by the analytical method, for each case, lies within the theoretical interval, given by Equation (22) .
Regardless of the method used, graphical or analytical, the ratio of volume conductivity values obtained for negative polarity to those obtained for positive polarity, remains almost constant. This ratio = × ⋅ [6] . In the case of PE, exposed to a positive corona and to a negative corona, the reported volume resistivity values are = × ⋅ , respectively [14] . Advances in Materials Physics and Chemistry
The above reported data are considered to be consistent with our experimental results.
Effect of Corona Polarity on Volume Resistivity
Corona polarity and ions mobility can influence the corona current and consequently the charge density on the sample surface. In negative corona, a part of free electrons on their way to the sample surface, are converted into negative ions, with a lower mobility than that of free electrons. Meanwhile, in positive corona, the positive ions, with a lower mobility than that of negative ions, do not undergo any transformation [23] . As the negative discharge contains both negative ions and electrons, unlike the positive discharge that contains only positive ions [24] , charging by negative corona, results in higher charging currents and surface potentials, compared to the positive polarity [25] . Furthermore, the surface potential decays faster for the negative corona polarity [14] .
The Figure 5 . shows the dependence of the normalized surface potential,
1
V V ( 1 V is the first measured value of surface potential), on time, for Kapton, for various g V , of either positive or negative polarity.
The decay rate of surface potential depends on volume conductivity of the polymer and is directly proportional to it [26] [27]. Thus, in the case of negative corona, a greater number of charges arrive the grounded electrode through the sample and consequently the volume conductivity will be higher, compared to positive corona case.
Conclusions
In the present work, the effect of polarity on the volume conductivity of Kapton and PE, determined using the corona triode method, when the sample current depends linearly on grid potential, was studied. 
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The proposed methodology, that involves for the first time, in addition to the analytical method of determination, a graphical method as well, has a high accuracy as both methods results are closely similar.
It was found, using both methods, that volume conductivity values of negative corona charged samples were higher than those of the samples charged by positive corona, which is in full accordance with the theoretical considerations.
The experimental results are consistent with those found by the classical "static" and "dynamic" methods, which confirms the accuracy of the corona method, for the determination of volume conductivity of polymers.
